Objective. The aim of this study was to describe the characteristics of patients referred with complex regional pain syndrome (CRPS) diagnosis to a tertiary care pain center. . The non-CRPS group was much more likely to report no symptoms or signs at all in the different symptom and sign categories. Of the 39 non-CRPS patients, 74% had other diagnosable entities (1/3 suffering from specific neuropathic pain conditions, e.g., radiculopathy, diabetic neuropathy, etc. and 2/3 from discreet musculoskeletal entities), while 18% were diagnosed with psychogenic pain disorders including conversion reaction associated with immobility or paralysis.
Introduction
Complex regional pain syndrome (CRPS) is a chronic progressive disorder typically marked by severe pain, swelling, motor or sudomotor dysfunction, trophic changes, and/or changes in skin temperature or color. CRPS is often divided into two types with similar signs and symptoms but different etiologies. CRPS type I, formerly known as reflex sympathetic dystrophy (among other taxonomies), features no "major" nerve lesion, whereas CRPS type II is linked to a specific and detectable nerve injury [1] . Epidemiological studies have found CRPS incidence rates ranging from 5.46 to 26.2 per 100,000 person-years at risk, with markedly increased prevalence rates in females vs males [2, 3] .
Early efforts at describing specific diagnostic criteria for this disease were largely based on the anecdotal clinical experiences of specific clinicians [4, 5] . Whereas these first attempts lacked consistency and widespread acceptance across the medical and research communities, they greatly aided in establishing the need for consensus in creating CRPS diagnostic criteria. Consensus workshops held at Schlosshotel Rettershof in 1988 and Orlando in 1994 provided a more standardized definition of CRPS [6] . These diagnostic criteria were adopted by the Committee for Classification of Chronic Pain of the International Association for the Study of Pain (IASP) in 1994 and allowed for the creation of better defined patient groups leading to more appropriate clinical conclusions and comparisons between CRPS investigations [6] . However, recently, Bruehl and Harden 2001 have proposed a revised clinical diagnostic criteria for CRPS [7] . This proposal has provided more specific criteria with compartmentalization of different clinical markers (sensory, vasomotor, sudomotor/ edema, motor/trophic) and distinction between signs and symptoms. These changes were intended to increase diagnostic specificity in an effort to reduce misdiagnosis and medical resource overutilization, at almost no reduction in diagnostic sensitivity [7] . Nevertheless, these criteria known as the "Budapest clinical diagnostic" criteria have been recently adopted by both the IASP Executive and the IASP Taxonomy Committee (N. Harden, pers. comm., December 1, 2011) to replace the 1994 criteria. For the clinical diagnosis of CRPS, the criteria require that 1) the pain is disproportionate to the injury; the patient has at least 2) one symptom in three out of four symptom categories; 3) one sign in two out of four sign categories; and that 4) there is no other diagnosis that better explains signs and symptoms (see Table 1 ) [8] .
The present study used the Budapest clinical diagnostic criteria to confirm CRPS in patients with a provisional diagnosis of this syndrome, referred to a tertiary care hospital-based pain clinic by primary care physicians or specialists.
Methods
This cross-sectional descriptive study was conducted at the Comprehensive Pain Program (CPP), an academic tertiary care pain clinic within the University Health Network, Toronto, Ontario. The study sample consisted of a series of consecutive new patients referred to the CPP between January 2006 and December 2010, diagnosed with CRPS I or II by their primary care physician or specialist consultant. This study was approved by the research ethics board of the University Health Network.
Data Collection
Data were collected using standardized data forms completed 1) by the patient during their visit to CPP (in regard to demographics and body maps depicting areas of pain); 2) by the examining senior pain physician (AMG) who scored each patient on the Budapest symptom and sign criteria at the time of visit and recorded pain ratings of the affected site on a 0-10 numerical rating scale (NRS); and 3) through retrospective chart review. Data obtained through chart review included history of pain symptoms and prescribed medications. A comprehensive neuromusculoskeletal examination coupled with findings from interventions or investigations ordered during follow-up visits led to a "final diagnosis" as per the CPP diagnostic classification system. A positive diagnosis requires presence of 1) at least one symptom in three out of the four listed categories; and 2) one sign in two out of four listed categories. * Record exact temperature in degrees (specify Fahrenheit or Celsius). CRPS = complex regional pain syndrome; L = left; NRS = numeric rating scale (0 = no pain at all, 10 = worst possible pain); R = right; ROM = range of movement.
In our system, CPP physicians routinely categorize the pain conditions in three diagnostic groups: Patients classified as belonging to Group I have a significant biomedical condition accounting solely for their presentation. Group II patients have underlying biomedical pathology but additional nonphysical factors are deemed to play a significant role in their disability. Group III patients display very high levels of disability but lack detectable biomedical pathology, while psychological/ psychiatric factors (detected during presentation and/or review of records) are considered the primary factors underlying disability. The details of diagnostic classification can be found in previous publication [10] .
Signs and symptoms were recorded and reported in four different categories: sensory, vasomotor, sudomotor/ edema, and motor/trophic as per the Budapest clinical diagnostic CRPS criteria [8] . Patients were placed in either a non-CRPS group or a CRPS group.
Detailed body maps of pain (drawn by the patients) and cutaneous sensation (documented by the examining physician) were recorded on standardized forms. Gross sensory abnormalities to light touch and pinprick were documented with the use of a soft brush and a pinwheel, respectively (the latter is a standard instrument in our program used for our bedside examination). Temperature was measured with a sensitive thermistor probe (Pain & Diagnostics) on the dorsum of the feet or hands with the patient supine during the original consultation and after adequate exposure to ambient temperature.
Pharmacological data regarding the type of medications the patients were receiving at entry point to the CPP were recorded. In regard to opioid use specifically, patients were classified as non-opioid users, low opioid users, or high opioid users (HOUs), with 200 mg morphine equivalents daily as the cutoff point between the two opioid groups (based on the "watchful dose" suggested by the Canadian Guideline for Safe and Effective Use of Opioids for Chronic Non-Cancer Pain [CNCP]). Equianalgesic dose information for opioids was obtained also from the Canadian Guideline for Safe and Effective Use of Opioids for CNCP [11] . The average prescribed daily dose (milligrams) of oral morphine or equivalent was calculated for each patient.
Statistical Analysis
Statistical analyses were conducted using SPSS (version 16.0, SPSS, Inc., Chicago, IL, USA). Descriptive statistics were used to examine various patient characteristics including: demographics, signs, symptoms, and pharmacoepidemiologic data. All comparisons were made between non-CRPS and CRPS patients using standard statistical tests. Student's t-tests were used for examination of continuous measures, and the Pearson χ 2 test was used for comparison of categorical response variables. Statistical significance was based on P < 0.05.
Results

Demographic Characteristics
While 54 patients had been referred to the CPP by community or other physicians, 4 more patients (who were not diagnosed as CRPS by their referring physicians) were discovered in the same period to suffer from CRPS based on the Budapest clinical diagnostic criteria and were added to the community-referred group for analysis.
The final study population included 58 subjects divided into two diagnostic groups. The non-CRPS group consisted of 39 patients (31 women and 8 men) and the CRPS group of 19 patients (17 women and 2 men) ( Table 2) . From the 54 patients referred as having CRPS by community physicians, only 15 (27%) were considered to meet the Budapest clinical diagnostic criteria. Both groups were dominated by women with female-to-male ratio of 4/1 for non-CRPS and 8.5/1 for the CRPS group. There was no difference in the mean age, female sex predominance, level of education, or employment status between or within the two patient groups. The detailed results with levels of significance are presented in Table 2 .
Pain Characteristics/Symptom Duration
The time between onset of symptoms and consultation at our pain clinic was less than a year for 53% of the CRPS patients and 31% of the non-CRPS patients. Forty-two percent of CRPS patients and 56% of non-CRPS patients were referred between 1 and 5 years after the onset of symptoms. The remaining patients were referred 5 years or more after symptom appearance. Between non-CRPS and CRPS groups, there were no statistically significant differences in the duration of painful symptoms (25.7 months vs 21.37 months) or the body area/side/limb affected by pain (Table 2) . CRPS patients, however, were twice as likely to have suffered a fracture as an inciting event (63% vs 33%; P < 0.05). Further details in regard to inciting events can be found in Table 2 .
There was no difference between non-CRPS and CRPS numerical pain ratings (NRS) of 5.3 and 5.5, respectively. However, when pain scores were classified as indicating mild (1-3/10), moderate (3.5-6.9/10), and severe (≥7/10) pain; more non-CRPS patients scored in the severe pain category as compared with CRPS patients (46% vs 26%, P < 0.05).
Signs and Symptoms
CRPS and non-CRPS patients reported respectively symptoms in individual categories as follows (Table 3) : Sensory (53% vs 23%); vasomotor (79% vs 41%); sudomotor/edema (79% vs 54%); and motor/trophic (90% vs 51%). The differences were all statistically significant (P < 0.05). Non-CRPS patients were significantly more likely to report no symptoms in each individual symptom category than CRPS patients (P < 0.05)
In terms of signs, the CRPS group was significantly more likely than non-CRPS patients to display sensory abnormalities to pinprick (94.74% vs 74.35%; P < 0.05) and light touch (94.74% vs 64.10%; P < 0.05) ( Table 4) . Specifically, in regard to the direction of the sensory abnormalities, CRPS patients were more likely to present with positive evoked signs, i.e., pinprick hyperalgesia (89% vs 37%; P < 0.05) and allodynia (83% vs 44.00%; P < 0.05,) while non-CRPS patients were more likely to present with negative evoked signs or sensory deficits, i.e., pinprick hypoalgesia (63% vs 11%; P < 0.05) and touch hypoesthesia (56% vs 17%; P > 0.05).
CRPS patients were more likely to present with vasomotor (84% vs 15%; P < 0.05), sudomotor/edema (53% vs 23%; P < 0.05), and motor/trophic (90% vs 49%; P < 0.05) signs in comparison with non-CRPS patients, although in the latter category the predominant sign was decreased range of movement. Dystrophic changes were present in a minority of subjects in both groups. In regard to temperature abnormalities, detailed temperature measurements were available for 22 non-CRPS and 17 CRPS patients. Mean temperature difference (Table 4) between symptomatic/ asymptomatic limb was 2.44°(Celsius) for the CRPS group and 0.95°for the non-CRPS group (P < 0.05). The direction of temperature difference for the symptomatic limb tended to be twice as likely colder than warmer for the CRPS group (11 vs 6, N = 17) and equally cold or warm for the non-CRPS patients (10 vs 12, N = 22). Three of the 22 non-CRPS patients had a temperature difference of more than 1°(mean 3.6°, with the symptomatic hand being colder), specifically associated with profound immobility and dependency.
Altogether, CRPS patients were significantly more likely to present with signs in three or four different categories as compared with non-CRPS patients (79% vs 26%; P < 0.05). Seven out of the 19 CRPS patients presented with symptoms in all four categories. The frequencies in symptoms and signs are shown cumulatively in Figures 1  and 2 .
Diagnostic Groups
Diagnostically, 53% of CRPS patients were classified as Group I (pure biomedical pathology relating to CRPS) and 47% in Group II (presence of both CRPS and psychological factors). In the non-CRPS group, 35.9% were classified in Group I, 46.2% in Group II, and 17.8% in Group III. Irrespective of the presence of psychological factors contributing to perceived disability, the majority of non-CRPS patients (Groups I and II, N = 32, 82.2%) in the course of our investigations were found to suffer from other diagnosable conditions. Specifically out of the 32 non-CRPS patients with biomedical pathology, 50% (N = 16/32) had musculoskeletal conditions (i.e., ischemic/vascular pain, osteoarthritis, joint infection, rotator cuff disease, frozen shoulder, psoriatic arthropathy, healing fracture, synovitis, The results are summarized in Table 5 .
Medications, Sympathetic Nerve Blocks, and Presence of Nerve Damage
Approximately 48% of the study population were prescribed opioids prior to entry to the CPP, including 18 non-CRPS patients (46%) and 10 CRPS patients (53%). Of those patients prescribed opioids, only a minority exceeded 200 mg morphine-equivalent dose daily and thus were classified as HOUs (8% of non-CRPS and 11%
of CRPS patients). No differences were found in the consumption of neuropathic or other medications between non-CRPS and CRPS patients or level of opioid usage between or within groups. Finally, no differences were found in terms of use of sympathetic blocks or the electrophysiologically diagnosed presence of nerve damage between CRPS and non-CRPS patients.
Illustrative Case Reports
Case 1
A 38-year-old man sustained a crush injury at work, when a transformer fell on his leg. He sustained a bimalleolar ankle fracture and was casted for 6 weeks. Once the cast was removed, he was found to have substantial leg swelling. After a knee arthroscopy a few weeks after the cast removal, he developed near-anesthesia of the left mid-leg/ foot area apart from ongoing pain. He was seen in our clinic on an urgent request of his physicians from another academic pain clinic for a diagnosis of CRPS corroborated by a three-phase bone scan, which demonstrated classic periarticular uptake of the tracer in the distal foot. He was accompanied by an interpreter as his English was very poor. On examination, we observed deeply pitting edema from just above the knee to the ankle, very large non-pitting brownish foot edema, superficial ulcers, an hour-lock shaped constriction in the lower third of the thigh (Figure 3 ), dense hypoesthesia from below the constriction level to the foot, and a very limited range of knee movement (5-20 degrees only). Pain ratings were 8-10/10 at all times. Inpatient admission was arranged. The left knee was consistently 3-3.5°Celsius warmer than the right. As the nurses were instructed to observe him closely given his suspicious "ligature sign," the morning after admission we were called to the patient's room and shown a 10-inch long and wide tight elastic band found under his pillow, which we removed but did not confront the patient then. Instead, we brought the physiotherapist who instructed him on active exercises, while thigh and mid-patella circumference were measured every morning prior to the application of compressive stockings before rising from the bed. By day 3, the patient reported "dramatic improvement" with pain ratings of 2-3/10, reduction of his "anesthesia," normalization of the knee temperature, and near-disappearance of the edema. The patient announced to us "he was cured," and displayed normal gait and knee range of 0-100 degrees. When the elastic band was shown to him, he adamantly denied through his interpreter that he was using it for anything else but to "warm" the knee. Full assessment by psychiatry and psychology disclosed an arranged marriage in his country of origin and significant immigration and worker's compensation issues in Canada. We concluded that there was no evidence of CRPS and to the contrary, the primary diagnosis was factitious disorder and/or malingering.
Commentary
The appearance of "ligature" sign or constriction is highly suspicious for a self-induced disorder. The boundaries, however, between conversion disorder, factitious disorder, and malingering are not clear-cut. The subject has been fully explored in a previous publication [12] . The "typical reflex sympathetic dystrophy" bone scan with periarticular uptake in the small joints of the hand or foot has also been reported before by us in self-induced disorders as well as after sympathectomy [13] .
Case 2
A 22-year-old woman was involved in a car/pedestrian accident. There was no loss of consciousness and no fractures. The patient developed instantaneously "total body pain" rated 10/10 and thought she "had lost her leg on impact as it was not there but it hurt" (dissociative phenomena). She also developed almost immediate equinovarus deformity, changes in color, temperature, and sweating, and sensitivity to touch, while she had intense posttraumatic stress disorder (PTSD) symptoms. She was given an aircast that she wore almost constantly for 8 months. The diagnosis of CRPS was made by her consultants, and she was prescribed pregabalin and sent for intense mobilization. Two weeks after starting therapy, she developed intense anesthesia replacing her hyperesthesia in the left leg/foot. On examination, she demonstrated near complete anesthesia of the distal foot, inward posturing of the foot, absence of sudomotor/vasomotor changes, and complete inability to voluntarily move the toes. Temperature was symmetrical between the two feet. Pain was rated as 0/10 at rest and 6/10 on walking. Electromyographic (EMG) nerve conduction studies (NCT) and somatosensory evoked potentials disclosed no nerve or root pathology but complete lack of voluntary contractions. Radiological .5%* † * Denotes significant difference at P < 0.05 between CRPS and non-CRPS patients. † Denotes difference at P < 0.05 level within the same group. Top line in each symptom category (bold) reports collectively on the percentage of subjects who had abnormality in the specific symptom category, while detailed frequencies of each symptom within the same category are listed afterward. CRPS = complex regional pain syndrome; ROM = range of movement.
tests failed to disclose specific bone/joint pathology. Under intravenous (IV) infusion of sodium pentobarbital, she was observed to move the foot though anesthesia persisted. Psychosocial history revealed highly dysfunctional family of origin, while psychometrics revealed absence of depression, presence of PTSD, and a huge "conversion V" on Minnesota Multiphasic Personality Inventory II. The conclusion was a primary diagnosis of conversion disorder associated by now with permanent contractures. In addition, the presence of dense anesthesia resistant to IV barbiturates was attributed to maladaptive neuroplasticity and a dysfunctional central nervous system. Recommendations included an intense chronic pain management program employing cognitive behavioral techniques, intense mobilization (active and passive) on dry land and in water, as well as individual counseling. Despite the above treatments, consistent follow-up over the course of 4 years after her discharge from our inpatient program failed to show any improvement.
Figure 1
Notice high numbers of CRPS patients with symptoms in 3 or 4 symptom categories as compared to non-CRPS patients. *Denotes significant differences between groups; †denotes significant difference within groups. CRPS = complex regional pain syndrome.
Figure 2
Notice high numbers of non-CRPS patients with NO signs, and high numbers of CRPS patients with signs in 3 and 4 sign categories. *Denotes significant differences between groups; †denotes significant difference within groups. CRPS = complex regional pain syndrome. Non-dermatomal somatosensory deficits with reduction or loss of sensation in large areas not subserved by specific root or nerve territory in the presence of intractable pain and at times motor disturbances [14, 15] have been associated with a "strain factor," certain personality traits, and/or psychotraumatic conditions at the time of onset (such as PTSD). Significant alterations in brain activation patterns have been shown both with fMRI (function magnetic resonance imaging) [16] and FDG PET (2-deoxy-2-fluoro-D-Glucose positron emission tomography) scan [17] , supporting the concept of maladaptive neuroplasticity.
Case 3
A 50-year-old right-handed woman was referred for left upper extremity CRPS. She had fallen 2 years prior to referral onto her left knee with an outstretched left arm. She sustained fracture of the left patella but had no immediate symptoms in the left upper extremity. Seven weeks later, she developed aching and burning pain in the left shoulder radiating to the whole left upper extremity, left hand muscle atrophy, and mild weakness. On examination, the patient complained of constant deep and superficial pain particularly across the posterior aspect of arm/hand, described as "shooting" with the fingers "feeling broken and tight." We noted mild atrophy across the first left web space but no nail or skin dystrophic changes, symmetrical deep tendon reflexes, normal muscle strength, no temperature difference, mild paresthesiae in the dorsum of the left hand and posterior arm, and diffuse reduction of pinprick sensation across the whole arm. Review of files confirmed that EMG/NCT on two occasions were consistent with brachial plexopathy diagnosed as idiopathic. The patient was assured she did not have CRPS but another condition of neurological origin and prescribed pregabalin with remarkable improvement.
Commentary
CRPS should not be diagnosed in the presence of another diagnosis that can explain the patient's symptoms and signs.
Case 4
A 30-year-old woman was referred by her orthopedic surgeon for right leg CRPS 11 months after a slip and fall on ice that resulted in unrelenting pain. She had suffered a comminuted fracture of the distal leg with intra-articular ankle extension. The fracture was stabilized through open surgery with hardware followed by 4 months of nonweight bearing, 2 months of feather weight bearing, and gradual return to full weight bearing. Four months after surgery, the patient noted mid-shin pain that was different than the one she felt at the ankle and foot. The pain was reported as 10/10 associated with intermittent leg swelling and worsening by weight bearing activities. Trials of opioids and neuropathic adjuvant medications had failed. On examination, there were no sensory abnormalities, deep tendon reflexes were symmetrical, and strength was well preserved. On palpation, she complained of tenderness across the shin as well as the lateral malleolus at the site of hardware. A three-phase bone scan a year after surgery showed marked activity in the right mid-tibia and tibiotalar joint corresponding to the sites of instrumentation and healing fracture, but no other abnormalities in the early phases or the delayed scan characteristic of CRPS. Psychological assessment demonstrated severe depression on a background of previous eating disorder and significant psychosocial stressors that we felt contributed to the patient's unremitting and severe pain. We persevered with mobilization, sleep hygiene, regular modest analgesia, and psychological support as we felt her symptoms were secondary to the hardware and somewhat delayed healing process but not CRPS. A year after the patient came to our care, the pain ultimately subsided and she was left with minimal, if any, symptoms.
Commentary
Unremitting and out-of-proportion pain alone should not be diagnosed as CRPS in the absence of appropriate signs and symptoms. Other factors that could magnify pain perception should be explored.
Discussion
Based on strict application of Budapest clinical diagnostic criteria at the time of assessment, only one in four patients referred to our program with the diagnosis of CRPS by community physicians and/or specialists (including some practicing in academic pain clinics) were proven to have the condition. The majority of these non-CRPS patients (32/39 or 82.2%) were found to have a primary diagnosable condition (equally split between musculoskeletal disorders and neuropathic pain syndromes), accounting for their presentation. Four more patients in this cohort who fulfilled the Budapest clinical diagnostic criteria upon presentation to our program had not been diagnosed as such by the referring physicians. Additionally, almost one in five non-CRPS patients presented with a clinical psychiatric disorder including conversion disorder and factitious disorder, associated with high levels of immobility and dependency of the limb, guarding, and extensive psychiatric symptoms, but no underlying biomedical pathology.
The CRPS group that fulfilled the Budapest clinical diagnostic criteria as compared with the non-CRPS patients was characterized by much greater number of symptoms and signs (differences statistically significant), mean temperature difference of 2.4°Celsius between symptomatic and asymptomatic limb (with the symptomatic limb more likely to be cold than warm), and primarily sensory gain than loss.
The non-CRPS group was characterized by a paucity of reported symptoms (with 19% reporting no symptoms at all) and signs (50% of whom had only one sign at the time of presentation). While allodynia/hyperalgesia have been considered the hallmark of CRPS, three quarters of the non-CRPS patients (76.9%) failed to report such a symptom, although greater numbers appeared to have this sign on clinical examination. The most important issue in this group was the presence of another primary condition, which could explain symptoms and signs, as in most cases it was associated with some guarding of the extremity due to pain inhibition. It is worth pointing out that a small proportion of non-CRPS patients presented with three symptom categories (16.7%) and two sign categories (26.2%). Despite fulfilling the Budapest clinical diagnostic criteria, the presence of a clear diagnosable condition should have precluded the label of CRPS.
Our results are in accordance with those reported by Harden et al. [18] and support the utility of the Budapest clinical diagnostic criteria in the clinic setting with routine bedside examination. Our study adds to the previously expressed concerns about overdiagnosis of the syndrome with the older 1994 IASP criteria that were primarily based on reported symptoms with no mandatory requirements for objective signs. While Bruehl and colleagues reported in a series of 117 patients meeting the 1994 IASP criteria for CRPS that the diagnosis was likely to be correct in only 40% of the cases [19] , our study points to a much greater false positive rate.
Based on the results of our study, many physicians overlook criterion number four, i.e., that there is no other diagnosis that better explains signs and symptoms (a stipulation existing in both the old 1994 IASP criteria and the Budapest criteria) and seemingly routinely ignored by physicians utilizing the older IASP CRPS classification system.
The main limitations of our study are the small population and also possibly referral bias. Our clinic is a tertiary care pain clinic, so individuals with mild symptoms may not be referred. Therefore our data may not be representative of those found in the general community.
Conclusion
Every effort should be made to 1) disseminate the Budapest clinical diagnostic criteria to practicing clinicians and 2) stress in further publications and IASP Taxonomy how important is to exclude other physical or psychiatric conditions accounting for symptoms and signs. Specifically sensory hypoesthesia/anesthesia, fear of movement and complete immobility/dependency, as well as associated psychiatric conditions at the onset of extremity symptoms (PTSD, depression, dissociative symptoms, etc.) should be carefully examined and recorded. In summary, 1) fulfilling the Budapest clinical diagnostic criteria and 2) excluding other disorders accounting for symptoms and signs should be considered equally necessary conditions for the diagnosis of CRPS.
